Three heterotrophic, aerobic, brown-pigmented strains, designated P97 T , P100 and P104, were isolated from a harbour in the southern North Sea. Phylogenetic analysis of 16S rRNA gene sequences revealed that the isolates are affiliated to the genus Phaeobacter. In silico DNA-DNA hybridization of the genome of strain P97 T against those of existing type species indicated that P97 T represents a novel species within the genus Phaeobacter, with Phaeobacter inhibens T5 T as the closest described organism (29.6 % DNA-DNA relatedness) followed by P. gallaeciensis CIP 105210 T (26.4 %). DNA-DNA hybridization demonstrated that the three new strains belong to the same species. The new isolates inhibited Pseudoalteromonas tunicata DSM 14096 T , and were Gram-stain-negative, catalase-and oxidase-positive, chemo-organoheterotrophic and motile. Growth occurred at pH 6.5-9.5 (optimum 7.0-8.0) and at 4-30 C (optimum 20-28 C). The strains required NaCl for growth. The salinity range was 0.5-6.0 % (w/v) NaCl for P97 T and P100, and 0.5-5.0 % for P104, lower than values described for Phaeobacter gallaeciensis and Phaeobacter inhibens. The optimum NaCl concentration for strains P97 T and P104 was 2.0-4.0 %, and for P100 was 2.0-3.0 %. Fatty acids (>1 %) comprised 18 : 1!7c, 16 : 0, 18 : 1 !7c 11-methyl, 18 : 0, 12 :1, 18 : 2!7c,12, 10 : 0 3-OH and 12 : 0 3-OH. Polar lipids were phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, an aminolipid, one unknown lipid and one additional unknown lipid in strain P97 T . The major respiratory quinone was Q10. Based on phylogenetic and phenotypic differences, the strains represent a novel species in the genus Phaeobacter, for which the name Phaeobacter porticola sp. nov. is proposed. The type strain is P97 T (=DSM 103148 T =LMG 29594 T ).
The genus Phaeobacter is affiliated to the family Rhodobacteraceae (Alphaproteobacteria) and was introduced by Martens et al. [1] . There is an increasing interest in members of this genus mainly due to the production of various secondary metabolites, such as algaecides (roseobacticides) [2] and tropodithietic acid (TDA) [3] . TDA is of particular interest because it is a potent antimicrobial substance, known to inhibit both fish and human pathogenic bacteria, as well as many non-pathogenic bacteria and some algae (e.g. [4, 5] ). Phaeobacter species were also shown to be probiotic in aquacultures, which was attributed to TDA production [6, 7] . Recently, several reclassifications of Phaeobacter species were conducted, assigning some species to the genera Leisingera and Pseudophaeobacter [8] . Currently, the genus Phaeobacter consists of two validly published species, i.e. Phaeobacter gallaeciensis, the type species [1, 9] , and Phaeobacter inhibens [1] . P. gallaeciensis CIP 105210 T was isolated from seawater of larval cultures of the scallop Pecten maximus in Spain [9] , whereas P. inhibens T5 T was isolated from surface water of a tidal mudflat in the German Wadden Sea [4] . Many strains affiliated with the genus Phaeobacter were isolated from fish tanks and aquacultures, and so far repeated isolation from environmental samples has only been reported for harbours in the Baltic Sea [10] . From a set of samples obtained at different time points throughout the year in the harbour of Neuharlingersiel (southern North Sea) we were able to isolate strains related to the established Phaeobacter species.
Here we describe the three isolates, P97 T , P100 and P104, isolated from barnacles (P97 T and P104) and a biofilm (P100), having P. inhibens T5 T as the closest described phylogenetic neighbour. A comprehensive characterization of the strains showed that they belong to a novel species within the genus Phaeobacter.
Samples were taken in October 2014 in the harbour of Neuharlingersiel, southern North Sea (53 42¢ 09.6 † N 7 42¢ 22.8 † E). Strains P97 T , P100 and P104 were isolated from dilution series (10 0 -10 À3 ) using marine broth (MB; Difco 2216) inoculated with crushed samples of barnacles (P97 T and P104) and a microalgal biofilm (P100), collected from a wooden pole and a groyne. Then, 100 µl of each dilution step was spread on marine agar plates [MA: 40.1 g marine bouillon l À1 (Roth) and 17 g agar l À1 (VWR Chemicals)] and incubated at 20 C in the dark for 5 days. Single brownish colonies were picked and re-streaked at least three times for purification. If not mentioned otherwise, cells were grown in MB for subsequent experiments.
Cell morphology was observed for cells from the exponential growth phase. For transmission electron microscopy, 50 µl of cell suspensions of strains P97 T , P100 and P104 was put on copper grids (100 mesh; Plano) for 2 min and negatively stained with 50 µl of 2 % (w/v) uranyl acetate for 1 min. The grids were then washed twice with H 2 O (5 Prime). After air-drying, the copper grids were examined by transmission electron microscopy (Zeiss EM 902A). Motility was evaluated via phase-contrast microscopy using motility plates [seawater medium (SWM), [11] , supplemented with 2.5 g agar l À1 and 500 µM glucose]. The Gramtest was performed according to Gregersen [12] . Oxidase and catalase reactions were determined according to the methods described by Kovacs [13] and Smibert and Krieg [14] , respectively. The dissimilatory reduction of nitrate and nitrite was tested as described by Dogs et al. [15] .
The requirement for vitamins was tested by growing the strains in SWM [11] supplemented with 5 mM glucose (final concentration) and without vitamins. Growth without vitamins was tested for two subsequent transfers.
To determine the ability of the strains to utilize various carbon sources and amino acids, SWM was supplemented with the following substrates at a final concentration of 1 mM: cellobiose, citric acid, D-fructose, D-galactose, D-glucose, D-mannitol, D-mannose, D-sorbitol, D-xylose, glucosamine, glycerol, lactose, L-arabinose, L-fucose, L-rhamnose, malate, maltose, sodium acetate, sodium pyruvate, ribose, succinate, sucrose, trehalose, arginine, aspartic acid, cysteine, L-histidine, L-leucine, L-lysine, phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan and valine. Substrate solutions were filter-sterilized (syringe filter, pore size 0.2 µm; Roth). Precultures were grown in 10 ml SWM supplemented with 5 mM glucose (final concentration). After reaching the late exponential phase, cells were washed twice in SWM without substrate to remove traces of glucose, resuspended in SWM, and subsequently 5 ml of fresh SWM medium, supplemented with a substrate of interest, was inoculated to a final optical density at 600 nm (OD 600 ) of 0.002. Medium with a carbon source but without cells was used as a negative control. As a control for growth on cellular storage compounds, medium without a carbon source was inoculated as described above. All cultures were incubated at 20 C in the dark, and all tests were performed in triplicate. Growth was determined by measuring OD 600 daily for at least 14 days.
In addition, substrate utilization of 190 different carbon sources was determined via the Phenotype MicroArray system (OmniLog PM) using PM01 and PM02-A MicroPlates (AES Chemunex BLG 12111, BLG 12112). Strains were grown on MB agar (Difco) at 25 C for 28 h before they were inoculated into modified inoculation fluid IF-0a according to Buddruhs et al. [16] to a turbidity of 85 % using a turbidimeter (AES Chemunex BLG 3531). The MicroPlates were sealed with Parafilm and respiration kinetics were recorded in the OmniLog Reader at 28 C. Two or three biological parallels were measured for each strain. After aggregation of the curve parameters for each substrate and strain using the R package opm [17] , the response categories no, weak (below 25 % quantile of answers) and good utilization were defined based on the maximum height (A). Maximum height was subject to a principal component analysis performed with the R package vegan [18] .
To determine growth at various pH values, NaCl concentrations and temperatures, cultures were inoculated to a final OD 600 of 0.002. The pH optimum and range (4.0-10.5) was tested in SWM supplemented with vitamins [1] and 5 mM glucose (final concentration) at 20 C. The pH of the medium was adjusted using 1 M HCl and 1 M NaOH solutions. After adjusting the pH, the medium was sterile filtered (pore size 0.2 µm; Roth). Media for the pH range 8.5-10.5 were prepared using glycine-NaOH buffer. Na + dependence, salinity range and optimum were tested in SWM with NaCl concentrations of 0.0, 0.5 and 1.0-11.0 % (in increments of 1 %) and with 5 mM glucose at 20 C. Growth at various temperatures and optimum was tested in MB at 4, 10, 15, 20, 28, 30 and 37 C. Exoenzyme activities (hydrolysis of gelatin and starch) were assessed with MA supplemented with 3 % (w/v) gelatin or MA with 0.2 % (w/v) starch, based on the methods given by Smibert and Krieg [14] .
The isolates were tested for antibiotic susceptibility by growing them in the presence of various antibiotics, i.e. ampicillin, chloramphenicol, gentamycin, kanamycin, penicillin and streptomycin. Briefly, 200 µl of liquid culture (OD 600 of 0.5) of each isolate was spread over an MA plate. Ten microlitres of a 1 mM solution of each antibiotic was dropped onto separate antibiotic test discs (Rotilabo, 6 mm; Roth), and the discs were then placed on the agar plate. Incubation was done at 20 C in the dark for 5 days and plates were inspected daily for inhibition zones.
The new isolates were tested in triplicate for inhibition against Pseudoalteromonas tunicata DSM 14096 T . For this, 200 µl of a culture of Pseudoalteromonas tunicata with an OD 600 of 0.2 was spread on an MA plate. Then, 10 µl of a culture of each Phaeobacter isolate grown in MB and diluted with MB to an OD 600 of 0.002 was dropped onto antibiotic test discs (Rotilabo, 6 mm; Roth), and afterwards the discs were placed on the agar plate. Plates were incubated at 20 C in the dark and inspected daily for clear zones.
Cell biomass for the analysis of fatty acids, polar lipids and respiratory lipoquinones was obtained after growing the isolates for 2 days in MB at 25 C. For fatty acid analysis, biomass was extracted and prepared according to the Microbial Identification System (MIS) standard protocol [19] . Fatty acids were characterized using an Agilent model 6890 N gas chromatograph and the Sherlock MIS software (MIDI). Compounds were identified against the TSBA40 peak naming table database. Polar lipids and respiratory lipoquinones were extracted from 100 mg of freeze dried cell material using the methods described by Tindall [20, 21] . Polar lipids were separated by two-dimensional TLC and identified based on their R F values in combination with their reaction with specific staining reagents [20, 21] . Respiratory lipoquinones were separated into their structural classes and identified by HPLC using an RP18 column [20, 21] .
To determine the 16S rRNA gene and the intergenic transcribed spacer (ITS) sequences of the new isolates, DNA was extracted from a 1 ml culture volume with the DNeasy Blood and Tissue Kit (Qiagen). The almost full-length 16S rRNA gene and the adjacent ITS region of the strains were amplified using the primers 27f [22] and 23 S-130r (5¢-GGG TTBCCCCATTCRG-3¢; [23] ). Sequences were obtained by Sanger sequencing (GATC Biotech) after purification of the PCR product (peqGOLD Cycle-Pure Kit; VWR). The closest phylogenetic relatives were determined by comparing the 16S rRNA gene sequences of the novel strains to those available in GenBank using the BLAST N search [24] . Phylogenetic relatedness was calculated using the ARB software package available at www.arb-home.de [25] .
To obtain the genome sequence of strain P97 T , genomic DNA was extracted using the JETFLEX Genomic DNA Purification Kit (Genomed). A SMRTbell 10 kb template library was prepared according to the instructions from Pacific Biosciences by shearing~8 µg of genomic DNA (gtubes Covaris). The size range was monitored by pulsed field gel electrophoresis and DNA fragments were concentrated, end-repaired and ligated to hairpin adapters applying P6 chemistry (Pacific Biosciences). SMRT sequencing was carried out on the PacBio RSII (Pacific Biosciences). Additionally, Illumina libraries for whole genome sequencing were prepared with the TruSeq DNA Sample Prep Kit v2 (llumina) and paired-end sequencing was performed on the HiSeq 2500 for 100 cycles, which yielded 2Â4 million reads. PacBio reads were assembled de novo using the RS_HGAP_Assembly.3 protocol in SMRT Portal version 2.3. The assembly was corrected by mapping of Illumina reads using the Burrows-Wheeler Aligner [26] and by variant and consensus calling with the CLC Genomics Workbench 7. The final assembly of the chromosome and each plasmid was trimmed, circularized and adjusted to the replication systems as start point and yielded a final quality score of QV60. Genome sequences were automatically annotated using Prokka 1.8 [27] and the available genomes of P. inhibens DSM 17395, P. gallaeciensis DSM 26640 T and P. inhibens 2.10 (DSM 24558) [28, 29] as the primary database. The genome sequence of strain P97 T was deposited in GenBank (accession numbers: CP016364-CP016369).
For DNA-DNA hybridization of strains P97 T , P100 and P104, cells were disrupted by using a Constant Systems TS 0.75 kW device (IUL Instruments) and DNA in the crude lysate was purified by chromatography on hydroxyapatite, as described by Cashion et al. [30] . DNA-DNA hybridization was carried out as described by De Ley et al. [31] , and modified by Huss et al. [32] , using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltierthermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian). Digital DNA-DNA hybridization (dDDH) between strain P97 T , P. inhibens T5 T and P. gallaeciensis CIP 105210 T was calculated using the Genome-to-Genome Distance Calculator with formula 2 [33, 34] .
Strains P97 T and P100 were isolated from crushed samples of barnacles and a microalgal biofilm, respectively, collected from a wooden pole. P104 was isolated from barnacles collected from a groyne. All samples were taken in the harbour of Neuharlingersiel, southern North Sea. The strains formed convex, brown to dark brown colonies when grown on MA plates. After 3 days, the medium around the colonies also became brownish, caused by a diffusible pigment, characteristic for the production of TDA [35] . Cells of P97 T , P100 and P104 were 1.2-2.5 µm long, 0.8-1.4 µm wide and rodshaped. Motility was observed in the motility agar test assay and by phase-contrast microscopy. In transmission electron micrographs all three strains showed a polar flagellum ( Fig.  S1 , available in the online Supplementary Material).
Analysis of the 16S rRNA gene sequences showed that strains P97 T , P100 and P104 were very closely related to each other (99.86-99.93 % similarity). Although the 16S rRNA gene sequences of P97 T , P100 and P104 were >99 % similar to those of the type strains P. inhibens T5 T and P. gallaeciensis CIP 105210 T , they differed at 10 positions in the variable regions V4, V5 and V9 and clustered separately in the phylogenetic tree (Figs 1 and S3 ). Intraspecies sequence similarities of !99 % have previously been described for other species within the Roseobacter group, including P. inhibens T5 T and P. gallaeciensis CIP 105210 T [16] and classification was only possible based on data from DNA-DNA hybridizations. DNA-DNA hybridization of strain P97 T compared to strains P100 and P104 showed relatedness values of 86.3 % (90.5 %) and 86.3 (82.3 %), respectively (values in parentheses are results of duplicate measurements). According to Wayne et al. [36] a DNA-DNA hybridization value of 70 % and higher is indicative for members of the same species. Consequently, the three strains belong to the same species. dDDH analysis of the P97 T genome, however, revealed a relatedness of only 29.6 % to the genome of P. inhibens T5 T and 26.4 % to that of P. gallaeciensis CIP 105210 T . Thus, given the definition mentioned above, strains P97 T , P100 and P104 clearly represent a novel species within the genus Phaeobacter.
Addition of vitamins to the growth medium was not essential for growth of strains P97 T , P100 and P104. All three strains were capable of growth in the pH range 6.5-9.5, with an optimum of 7.0-8.0. The optimal growth temperature for all three strains was 20-28 C and the temperature range was 4-30 C. Thus, the three strains had a lower temperature maximum compared to P. inhibens T5 T and P. gallaeciensis CIP 105210 T ( Table 1 ). All three isolates required Na + for growth. Optimal growth was observed between 2.0 and 4.0 % (w/v) NaCl for P97 T and P104, and between 2.0 and 3.0 % NaCl for P100. Strains P97 T and P100 grew in a range of 0.5-6.0 % (w/v) NaCl, P104 in a range of 0.5-5.0 % NaCl. Thus, the salinity range of the novel strains was lower than that of the other Phaeobacter type strains (P. inhibens 0.06-8.8 % NaCl; P. gallaeciensis: 0.6-11.0 % NaCl; Table 1 ). This could be due to an adaptation to the different salinities of the surrounding water masses from which the strains were isolated. P. gallaeciensis CIP 105210 T was isolated from seawater from larval cultures of the scallop Pecten maximus and has the highest salt tolerance, and P. inhibens T5 T was isolated from coastal surface water, influenced by water from the open North Sea [4, 9] . In contrast, the novel strains were isolated from surfaces in a harbour, close to a flood gate through which freshwater is discharged into the harbour at low tide. Usually, the salinity near the flood gate is <30 p.s.u. [37] , which is in line with the lower salinity range of strains P97 T , P100 and P104.
The utilization of carbon and amino acids was found to be similar for the three strains with the exception that strain P100 was not able to utilize D-ribose. Cell growth was supported by a variety of carbon sources listed in the species description below and Table S1. Only a few differences between substrate utilization tests targeting growth and the Phenotype MicroArray targeting respiration were observed. L-Arabinose, malate and glucosamine were respired but not used as a single substrate for growth. On the gelatinase test plates no liquefaction was observed, indicating that the strains are negative for gelatinase activity. The starch test plates showed no colorless area around the colonies after flooding the plate with iodine solution, indicating that the strains are negative for starch hydrolysis.
All three strains were Gram-stain-negative, and positive for catalase and oxidase activity. The major respiratory lipoquinone produced by the strains was Q10, which is a common characteristic of members of the class Alphaproteobacteria. Strains P97 T , P100 and P104 contained the same fatty acids, although their proportions differed slightly. The fatty acids were dominated by 18 : 1 !7c. Other fatty acids (>1 %) were 16 : 0, 18 : 1 !7c 11-methyl, 18 : 0, 12 : 1, 18 : 2 !7c,12, 10 : 0 3-OH, and 12 : 0 3-OH ( Table 2 ). The fatty acid composition of the isolated strains was similar to those of P. inhibens T5 T and P. gallaeciensis CIP 105210 T [1] , but strains P97 T , P100 and P104 contained 12 : 1 and 18 : 2 !7c,12, and lacked 14 : 1, 14 : 1 3-OH, 16 : 0 2-OH and 18 : 1 !9c ( Table 2 ). The polar lipid composition was very similar for the new isolates and the other Phaeobacter type strains [1] . The polar lipids of strains P97 T , P100 and P104 were phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an amino lipid and an unidentified lipid, which were described for the genus Phaeobacter [1] . The second unidentified lipid of Phaeobacter is only present in strain P97 T but lacking in P100 and P104 (Table 1, Fig. S2 ).
The genome of strain P97 T consists of a 3654 kb chromosome and five plasmids (218, 127, 85, 71 and 53 kb) . The G +C content of strain P97 T was determined based on the genome sequence as 58.6 % (Geneious V9.0.5, www.geneious.com). No genes coding for the synthesis of bacteriochlorophyll a were found in the genome.
The strains were not able to reduce nitrate or nitrite and no genes for the reduction of nitrate were found. Although all genes for nitric oxide reductase and nitrous oxide reductase are present in the genome of P97 T , it is lacking in the genes for the reduction of nitrite. Genes for nitric and nitrous oxide reductase are located next to each other on the 127 kb plasmid in P97 T , and not on different plasmids as in P. inhibens T5 T [15] .
The new isolates were able to inhibit growth of Pseudoalteromonas tunicata, indicating production of an antibiotic substance. Presence of the gene cluster for TDA production (genes tdaA-F) in the P97 T genome suggested production of this compound. We also found three genes behind tdaE coding for a hypothetical protein, a peptidase M23-like protein and a putative cation transport protein. Wilson et al. [38] recently proposed that these genes, tdaR1-tdaR3, provide the resistance of Phaeobacter strains and other TDAproducing bacteria to TDA. Antibiotic susceptibility tests revealed that the isolates are sensitive to ampicillin, chloramphenicol and penicillin G, but are resistant to gentamicin, kanamycin and streptomycin.
Recently, 'Phaeobacter marinintestinus' was described by Lee et al. [39] , although this species has not yet been validated. After the recent reclassifications within the Phaeobacter-Leisingera cluster [8] and phylogenetic analysis (see Fig. 1 and [40] ) it is arguable that 'P. marinintestinus' belongs to the genus Phaeobacter. We suggest separating this strain from the genus Phaeobacter and a reclassification once it is effectively and validly published.
The first repeated isolation of Phaeobacter strains from the environment was published recently by Gram et al. [10] , who found P. inhibens strains in various samples of eukaryotic organisms or biofilms on inert surfaces in different harbours located in the Baltic Sea. Congruently, we found Phaeobacter strains on surfaces in harbours of the North Sea, indicating that harbours are a typical habitat for these bacteria.
Compared to P. inhibens T5 T and P. gallaeciensis CIP 105210 T , strains P97 T , P100 and P104 show distinct differences in temperature, pH and salinity range and optimum, use of carbon sources, antibiotic susceptibility and lactose, L-arabinose, L-fucose, L-rhamnose or malate. Able to utilize and grow on arginine, cysteine, L-histidine, L-leucine, L-lysine, phenylalanine, L-proline, L-serine, L-threonine, Ltryptophan and valine, but not aspartic acid. Negative for gelatinase activity and starch hydrolysis. Able to produce the antibiotic TDA. Sensitive to ampicillin, penicillin and chloramphenicol, but resistant to gentamycin, kanamycin and streptomycin. The major lipoquinone is Q10. The fatty acids released from whole cells are 18 :1 !7c, 16 : 0, 18 : 1 !7c 11-methyl, 18 : 0, 12 : 1, 18 : 2 !7c,12, 10 : 0 3-OH and 12 : 0 3-OH. The polar lipids comprise the identified phospholipids phosphatidylcholine, phosphatidylethanolamine and phosphatidylglycerol, an aminolipid and an unidentified lipid. Strain P97 T possesses one additional unidentified lipid.
The type strain, P97 T (=DSM 103148 T =LMG 29594 T ), and strain P104 (=DSM 103150=LMG 29596) were isolated from barnacles, while strain P100 (=DSM 103149=LMG 29595) was isolated from microalgal biofilm collected in the harbour of Neuharlingersiel (Germany), southern North Sea. The DNA G+C content of the type strain is 58.6 mol%.
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